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PROSiEMi TO BE SOLVED: To make It possible to attain the Increase in me lumina^ca of a multi-color Sgtit- 
emitting d^^rtc^ ancJ ^e color mixtfjg: perfprmartce of Ifje device by a method wherelrv a plyraSty of electrical 
connet^cfll uleriijers are respecftvefe^ coDnected with the re^^ective emitting observation surface sides of second 



:v«^->>*;:4.»:'»+.r-N4-;->»><*;«M.'V'V'>:*w;vr.***i^r*-:-;wivi-^ 



SOLUHON: An LED cWp 102, whioh emits a red color of a Jong fuminotis wavelengttt esed as a first 
$emicondtj<^or l-ED chip, is fixed on a stem 104^ wUdh te a substrate common to ttie ciiilp an lED cMp 101 an<t 
an tED chip 103^ in such a way thai the <*ip 1 02 Is pinohe<J t>y ti^e LEO chip 101 , whicb emits a green color of » 
luminous w»?eleng^ shotler tfeatt that of red color arKf Is used as a second semteonducAor LED chtp, and ^e 
LED ci!tip 103, which emits a blue color and is used as a third semiconductor LED chip, and Is positioned In the 
center of ^e chips 101, 102 and 103, The chips 101 to 103 are re^cliveiy connected electrically with lead frames 
105 to 107, v^tch are elet^rodes for feeding power, and are electrioally connected with the stem 104^ whfch is rrtade 
to luncfion an etef^ode common to the chips 101 to 1 03, At this lime, a pluraSty of eiectricat con«ection 
membmTSi lOSarerespecgvely connected wiftj^e enitting oljservaifew $urfece^e5of JtheiEDcliBt^ 101. and 103. 
Accordingly, ^e reduction in Sie Lumtoance of a muiti-coior light- emlt^ng devfee al Ihel^e of the ior^Hi^^e use can 
be inhilHted and the tsolor mixing performance of the device can be enhanced. 



Data sui^Bed from the espK^enet database - 12 



mB^mmfffUF) 02) ^ ^ 1^ ^ ^ (A) 

i^ll^9- 167861 

(43)^ B 7^9^(1997) 6 ^24B 

<50inta.» mam^ ifpmmm fi mm^mm 

HOIL 33/00 HOIL 33/00 F 

N 









(71){UBIA 


000226057 












VjiS7^(1995)12^14B 




tsaji^iE}^m±>fRriiiii49i«ttioo 
















ISSAfSfmT&JiifVRMSlSJfilOO BXft: 



































(57) imm ' 



/ 




1 



7 O O n m-eft i-J , fllrfsm 2 a>^«»:<OI6ife%5;b<4 9 

5A^^>5 6 5 nm-efcU, tllSEm 3 ©*3|{*:(Da§3fe«g 
A<4 3 OA^t>4 9 O nm-C&«it«JS 1 1etta)*fefl3fe 



[OOO 1 ] 

[OOO 2] Ti^s^awA-irA^sg-r^^sa 
I ^ — tiA<tt e>*iT t^So 

[OOO 3] L;6^L«:i()<'b, IDi^O^^aSBSa. il 

[OOO 4] Sifi^^l/*^— a*6<p[|g-efeSR 

Um^m^m^ (KIT, LEDtiqi^Sto ) 

tzc :i<oLEDa>mnizt^ui'^xms^^mmtLx 



lZt>i>HZ L E DA<aa tStlXl-^^o L E D^ffilx^S^ 

tbxn^ts < -r * c t A<oitiT'3&* t mmizS:mmtit<-s{ 

[0 0 0 5] COLEDtLTI*. 
AHO-hlClSfe, »fe&l;»feA^6^^4 3■^E^±<^!)LE 

r^feSBitS^j A<^lf &4xS. (KIT, 2ltSe8lffl»l= 
*ilt«i^fefB3fc*^itt. ftJlS«±l=Sl(t?>4xfcfS3t 

i;Lr1#K3F6 — 1 7 7 430#. i^gg¥6— 1 774 
[OOO 61 RGB3Jlfe^{£fflLfcLED«ifie05mtt: 

M— 95$04aiXB5icgi-r. c:fl>7;u*^— S^Ditl 

^CLEDI*, Stf>404. 405, 406$«jl. X 
7-A4 0 7±lZ^feLED^'V:?4 0 1 t^feLED^ 
■^^4 0 2ai;»feLED^-y:^4 O 3$EaL-Cfe 
4. f^feLED^?»:^40 1 , JifeL £0^-^:^4 0 2 

at/«feLED^-v:'4 0 3l4, ^t^.'eJl^o>^^^mzWt 

lt&*tfc— :&<©mStXT-A4 O 7 t $-t*V-P4xA 
-X h*^L-C«StMI=»«Lfl&^5<l!)Bfiitse>4 O 
4, 4 0 5, 406tttSaWK^Sg*t40 8^fflL^r 

fi-t?iJ«t*1i-fcx^+2/«BiS?fl!>3t»»»«5 O 1 
2W©3:;K4^•>^IK^i:^f*^&J6:*SB3SP«5 O 2 t . $ 
Wr«^—;u K5 0 3*<}&«Sti*. IP^,, ^— ;UK5 
03I4» #LED^^:^401, 402, 403;^&a> 

iSmoS^ U E ^-tl-f ♦t«3fe$1+^ C 1 1= J: 

•\^^M<o»^^n)^«t=iBar -& c & i= j: o r a^ss 

[OOO 7] LA^L^^^A<t.. ffiSa&t;{llg1±<7>lfilJ:A< 
[0008] 
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[0 0 0 9] 

[0 010] $fc, :t:BfS^»ffire% 1 a>^«(4:a>%jK 

a!SA<6 1 0 4^C,7 0 0nm•efcy. ItTlB^ 2 a>i»iai(*: 
a>%^S[g;6<4 9 5;ei^e>5 6 5 nmT^a&y, itTSBUSO) 
3 O 4 9 o n m<0#fifgjte% 

[0011] ffir8Bf5ite«19SffillcSlt&4ifc$ 
[0 0 12] S3BB%2&l^$g3(D¥99i«:0!>«S[6t|i$g|ai 

*r*<i!>nt < t t-t*i-eHo«3ttaaiiiffl<J!>i6**i£>A>& 

[001 3] *&l=*fc, 'friJiSB^A^SIRWlc-iiSi 

[O O 1 4] 

[S§M«)«ia] *»«?B<DSI««1©#l«i:-r*Ci:l= 

[0 0 15] :*:8ia§IB©i»3t^2a)St«i:-r-5Ctl=* 
[00 1 6] 4:HfiqS<DBi««30mjS&-r«C^I=J: 

[00 1 7] :*:B«ffl(D6l^i94a>m&-r«C&i=<l: 
or. l63ta*Sl^±Sli-«::i:A<t»#f>. 

[001 8] :«:BfeiS(0SI««5(0«)^^-r-&c:^lcJ: 
oT. #fefS3lt*^A«lH3Ri:l,r«ySLiS»LT* 

[0019] 

^^m^izisi'^xttS&it. 0fi&t;€B1±]bt« LED 



[0 0 2 0] :^mnm0>mmzi::s>n^^±<DmAit& 

aA<lt«-r i»^i:aiXLED5=-v :^<OiBaic J: o TiSft*< 
[0021] ai^. LEDf^-;:^!*, Sft^aitSwfe 

4fc«> & *sfiftifi L riait *f it^xtt* lb ■T'S L E D ^ 
ttl^iJ±©fc^6lc3-^J*^±iS^Ml=afe'<fc^^. 

[0022] ufc*<o-c. fifaa«)*^t^LED6^«y:^ 

[0 0 2 3] Sfe14©^<bl4¥^«:^f>maWJ*m 
J: -3Tffie*i:&*<^ib-r -5 c i: ir J: oTi i: 

striafiitasjsj; ys^^m^«ffi$a^tll•r■5*^fi:^itsw 
fc«aMJS«SB^z?aI|s$*l■v>•rt^^^:, tofiaisamic 

<*: ySfettl=S*<-e#^4.0i:#x6*L*. 
[00 2 4] *fc, l-ED'&/^:i^Mzm&L^i^iVa>± 
T:&Ir1 t=5k* L -C L E D ^ :^<7)afetXj!)M5»S ¥ff 1^ UTfiS 
fflr4«^l4s RGB3fe^:^,£«;5|SlA^e,;■gfe1±S< 

[00 2 5] JUT, E*fflt^T*H«l?B$»aBlc|ttlB-r 

a 114. :^fiifie§a>ffiieBia@-c&y, mzit. 

f^-vr^tLT^fe («3t3e?g5 5 5 nm) ^fSife^^ L 
ED^-y:^1 O 1. iSfe (SI3t»g6 6 0nm) ^f|3t 
f «LED^!y:/1 O2Jl0:Wfe (fB*aR«480n 
m) ^flSfr-SLED^-y-^l O 3*<*aSSt?fe.5X 
T^AI 0 4±l=J83&»l*ffifflL-CBSU-CfeS. ;ZC 

ED^-y^riOI. 102, 1 O 3(*, -til-rttgA^ 
^l&-rdf=i(>0!>Sa-Cl&d y — U— A 1 O 5 . 10 
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jK4r i^^K^eiflZ J: y »A-r « C 1 1=* -3 T *felll3tA< 

3Ja±®3l3t3?SA<||/i4iJi39»$Pf,S'x. ) KIT'S-'!?© 
[0026] (LED^'v:'! O 1 , 102, 103) 

MOCVDaaff=J:yS«±|=Ga A I N» ZnS, Z 
nSe, SiC, GaP, GaAIAs, Al InGa 
I nGa G a N. A I I n G a N$0!>4l«9i4:$ 

tLXlt. M I S)i^-V>PNe^$*Lfc;t^^«jg. 

[0 0 2 7] ±mmm<f>s¥^mmm^iititz^m 

7-f y^^i^-tJi/x— izs«)TaiL^x<;^-r 
r>x•^?:L/\-^9^v^^mitiOx.f\-i^^^^'Jymzi3 y 
[o 0 2 8] iS3^aaiiii{iii=«afta>€«$}&fiic-rdfc«:> 

«AtfSlttt-f:4->x-y^>y, -fitVSy^^f, 
t*— Ax-y^>y, ECRX«y^>^f^A<^rf e>*l-6. 
X, •t7X.y hx.y^>^fi:LTI4, iiSi{^»fita>ilil$ 

^ * J^fiS-r s 1 14© 3 * -e * * t ^. 
[0 0 2 9] 9»f^^<Dffiffi$#a-r««d, S0gE« 

[OO3 01 )S:fc\ §ft;#y;7Aigfl;^^#litt:$fi6ffl 



A I N^©/^-y77— e^^BgU^OJll-P-NS^^ 

^•t. *fe\ fl3fe*!i*$fil±$1**l?0rli©NSM<b** 
•CSi, Go, Sa. Te, C^$®aa9A-r*C t A< 

»*Lt^. PSS<b#y;;Aiji«i*=£j&fig$-&* 

Ji^l4, PSK— /OK-efcSZn, Mg, Be, C 

a, S r, Ba^i&K-:^$-a--5, M<b**y t^A^ti^tt: 
14, PS K--:'Lfcfc*lt1?l4PMftLlc< 
t^fc«)PSK-/<>h»Aai=, «S^ia9tS*fc 

y, ■^=pX-7mmmz^V7—-)vti>=.txpmitiis 

[003 1] C3LT-e#fcafi«)S<f-5LED^-y:^ 
14, 0^MlcJ:oT«iftfflL^-5C^:A<-e#, e<lK.l4»fe$ 

f>iii>mxnu<. mmtza;cxn&ui£i3^§ii/tx^^ 

LED^^-yr^OffiSt Lri4, fl3tie:gfl):gt^LED'?^ 
LED^-v::^$fflt%rafe3feS«3te*1i-.6Ci:j6<ajaE 

4. ^Efc, myji^mmo^'&M^m^tLxmmT^tz 

tol:l4#feOf63tatgA<6 1 O n mAME> 7 O O n m, ^ 
6A«4 9 5 n mA^& 5 6 5 n m, W6(0fgifeiKfiA«4 3 
O nmA>t»4 9 O n mT? fe^^ i:*<Jff * Lt^. 

[ o o 3 2 ] mmifjmm&it i o s > ssifi<i^^8P4^ 

108i:L-Cf4, *LED«ffit<©;*— S y^tt, 

tl^. ^aift^ L-C(40. Olcal/cmVcm 
/tlSliA<»*L<, J:yjff*L<l40. 5 c a I /c 

^, 7;^5=a.•5A^&t;-^•*t6a)^^$«t^fc7t?>T 

tT?#-6. <*mi±*#«L-CT;U5-i'>Aia&*lM4 
CO O 3 31 **lal-*3l.^Tffll^P,^^-SmMfl<I^t^SS« 

f4o LfcA^oT, 1 OWLED^'V^fi: LTttfSife® 
fl!l=2~6*STA<»*Lt^« 

[0 0 3 4] L*^L«:A<&, *MSeMI=*Jt^TI44>*ffll 
<0 L E D ^ 3f|4, /<> K^Ar ^'AM^ t l^fctolz^^g 

mSn]t^e9»A<107?fe.&<>:eg{||0>LE07'i'-:^ 
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[0 0 3 5] (SSnitl^ffl) :t:efllQI=fea^Tffit^^b 

It. ^-r-V-JHVT^-f >i/©SlllC±C47H— LED 

[0 0 3 61 UtS. *li«!?S-t?t^5 LED^-y::fO!)«!5t 
[0037] (SS) 4:S9SQSi::ffllM&4t-&LED9'>:; 

m\l&i&Sm±\ZG a P« G a A I A s^O^mt^^l^ 

m$ii-fcLED<Dii^, «ttiea*iiSE56-rsfc tortus 

■ti--5fc«)ic^,=sajtf;^ct3|=tet>r 3 o o~4 o ofca 
[o o 3 8] f£M&%'^a}9a$:n>LT%jte$«««$ 

mit^^-r ^^^m^^tmm^it^>nm (kit. pmmm 

[0 0 3 9] mitii'J'tfM.m^^^ttiO^^, Z*lf,<DSt 

w^mtz-t*tmtLx, «itfAu, N i , p t, A 

I, Cr, Mo,W, In. Ga. Ti. Ag. Rht? 
^f^mattl^t LTITO. Sn02. NiO Z^O) 

P MiSS1±$«-r d^«it:i34) icffiSlc $ -it i> ^ ^ 



Jit) icss*-ti-f=ma*j^R8*ii-*ct*-c#s. sat 

aSl=J:o-C*S**A<. »*L<I±. O. 00 1~ 

o. *y»*L<i*, o. o5~o. 2 

«c:tA<-efr«. PS»stt**-r«¥S9(*H±f*i=» 

[0 0 4 0] $&i=*f=, paaa*a«)r»<»fiR$ 

■t*fc«^, ma±i=it}S'7-<-\'-7K>7^-<:^^f-ri.i:, 
p Msa t ^±it-&-rmm l 1= < < & 4«iria< 
fc«fca«>ffi«ei3i±(ofc«>ic p mwstitmiz7fi>'r-f 
>i^ffl©^ffima^jeBe*-i+fcy. p^ma*^g«i« 
tr4ct*<»*Lt^ ^ffiaa©*tai: LTii. a 

Pt, A I #]g^aa> 
!I» t L T I* 5 ^? n ^f- 1 -r * C t L t^. 

X, pffimaa>'>ss< tt-a$^ii«BEi:-r*ii^. 

S<b*«J';?AtSEffll*-&S}Sft!ll«ai-ttC r. Mo. 
W, Ni. Al. In, Ga, Ti, AgA>e,aS!$*l 

O^^tSEtt-ri^RV-r-O^/^matL-CliA I . Au 
>yfflSaAumit:;fcStM;j:A I r-tm&t^'J^ 

[004 1 1 ■y-^'T-f A'SS*fflt^fcSjb**'j';>A5g# 
fcttN I *fci±, A -^deturttAu, P 

t.Mo. Ti. In. Ga.AI. WJ: VSKtiXtz 
—m<0^mt. C r i:<D#^. *fcl*N i i:©^^. C 
r-N i ^^*fcl*. Ag. A I . T i . WAf>-?-<J[)$* 

t*T?3^-6, NMmairL-Cli. mzCrm^. Cr- 
N i ^^E. C r-Au^*. N i — Au^^. T I — A 
I *fcl4T I - A g#&At»$Ll^. ^^a>C p. N 
i . T i . Ag^^&aii. ^&«lS-V>i|i«<*««ICj:o 

mitii'j •t/A^it-^iii^mmzfi^mtit^izit'^ih-^^ 

^1 ««i:-r * C 1 1= * oTmaS}^«$1±4 ;i 

[00 4 2] ftfc. M<b**'j't7A^ji#tt:fl)ii^ii. ma 

«»i:#»«:tr«*!S C S -v ^ ^14^ l^-t $ ■& 
■Sfctorc 4 0 0'XiScl±XT——)\^-ti> w i: Lt^, 
*fc. M4b#'J'!?Ai|iaS(*:a)5}-»$«I®l^SBMA%€>l 
1 OOtJ£lTT?T— — ^I'-rSCtA^JIf^Lt^, 
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[0043] 0 4) ^9Sfi&UT». # 

T 1 0 4 1 Lr«ffl-r««^f** l e 

A^ifetl tf a < L T "J - K 7 U- A t $ -a- 

[0 0 4 4] *LED5^v::^i:X7^Ai:©J$fi|ttg«gfc 

*fc. LED^-:;ZfiX7^Ai:*«S*t*4t*l= 
ttft»i=l»«*-&*fci&i=ttAg'<— ;^|.. *— tKv'* 

OOA«Q-cmIilTA<»*t<, J:yff*L<l*, 3// 
Q-cmlslT^fcS. $fc. XT-AJilCtaaoOLED^ 

O. O 1 c a I /cmVcm/t;jaiA<»*U< J:y 
»*L<I40. 5 c a I /cmVcm/^lSl±1?* 

[0045] (y— 106, 10 
7) y — K7U-Ai:Lri*» 

»eti:LTIi, 300/iQ-cmlslTA<W*U<. <fc y 
»*L<l*3/<Q-cmJaTT?fc4. C:*V&©gfe#*ja 

fc-r««i:L-ci*. ffl. aAyffl. m^t^m 
tf e)*t*. 

[0046] ;UK2 0 9) ^— ;UK2 0 9I*, «■ 

fctolcSIt S C t $ L < -»ICl*«ffi$fflL^-C»« 

W ^ 1± ^ C ^ 1= J: -3 r L E D & a)i3i^t££tSfa $ 

Of^ttlc-r -5 C t iz J: o-C L E D36^f><©SI3fe$^m$ li- 
fe y ffiiK $ ii-fc y -r -6 u >xjam* t#fc#.6 - i: a^t? # 



[0047] (S*^a3 O 1 ) ^^ig®3 O 1 i:UT 
;U3 O ZtSm\Sn3 O 3-efoSMi*rillK'&:i:*mSlWI= 

IBIcfclt-Sas^Sgi: LTI4. ^ hy-J'-yXttlcffiML 

■X— ^Ml~IB@*-frSRAM (Random. A 
c c e s s« Memo r y) ts AMIZ£S$4l'& 
■7*—^ L E D *BrS0!>M-5 $ l=jSUT*ia--5fc«)<D(g 

iS^X^^-f V'J'XfaiX. LED3 0 4$^*T*lJrS 
K^-f/^— (eSI«i|»l|Bl%», RAMIcEtS 
* *t « ir- ^1 An e> L E D © ^iTft L T/ ^;UX11 

[0 0 4 8] JUT, *^Bflwa>ls^s«5l-oL^■ci^^M■r* 
tai^ztitm^^xttii^. 

[O O 4 9] 

4tG a P (IB%XS5 5 5 nm) . S i C (fej^ifiS4 
70nm) , GaAIAs (ie%3Sg6 6 O n m) 

[0 0 5 0] S«:WI=I*, 3ffe*«3t-r«LED-9=^'y:^ 

±l=Pa!Ga A I AsSflEgL. ■?-©±l::NMGa A I 
As^^SL. fS%{i«-e&-&P£Ga A I A s 
tSit^, WfeSflJt-r-SLED^ V^'tt, N^S«J:IC 

LED^->:?I4. f«ffl«Sail=J:y NM:tfyOA • y> 

s«»s±i- N s&o: p sx ji'^mmxm^ 

[005 1] ^LED^-yZftfji^^mmt. 

$«<):3 PS¥9»ft«lM4NM^29{«:$8P^a4l= K7 
-fx.y^>^Lrfc«, ^^ft^HSftic^^SS 
«S-i*-c«S*j^«$i*fc. :i5i,xx'^tz<&!¥^m»''? 

X/\— ^ L E L-C«ffl-r*fci«>l=Xi;^-f/< 
3 5 OAlmft<0:*:#*l=«IBiLfc. 

[00 5 2] c<0LEO9'«^:r$sasittiA<ai^<8S 
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a)fiL>#fe (6 6 0nm) $»3lfe-r-& L E D^^-y 

*tj:y ti§3teassA<5at>Wfe (Asonm) , (5 

5 5nm) ©L ED^^;:?lCl*S*4ir4"i>i:3S*«k5 

A<it A S tifc L E D $ 5 O O {iJgfig Lfc. 

$#@3IC^LfcS5^gS$1 OfiJ^figLfc. TOPU 
KONttSBM— 7|CJ:-dTLED*<x • yfeSH (K 
ell Chart) (x=0. 3 1 » y = 

O. 3 1 ) <t<C-6#LED^'y:ffl)3ta (a) O 

oommmmm&ti^oiite. (b) $-€-*i-e*ta5SL3t 

( (a/b) X 1 00) tL-CSLfc, 3HS« 
mi*. ^-^l^'tL L E D<D 1 Offl?lf^l£9Sififl&tl(it»«i 

[0054] [it«fil|1] #LED7^'y:^<D«Sin»«t 

f=, c©LED&tf«3*ssB$iii6«i i:H»i=urai 

[ O O 5 5 ] [it««« 2 ] 9S5t%Sa>fi^fil.^1lfi$fS 
[0056] [||JS«2] tt^AWLED^^-V^^romaW 

[0 0 5 7] [||J£«3] *feSS3tm^l=fflL^&tt4«. 

LT-f-tl-P^VI nGaN («3t»g5 2 5nm) , I n 
G a N m^SL^A 70nm) , GaAIAs iM^A 
«6 6 0nm) *«fflLT«BK*-&fc. 
[0 0 5 8] m<*WI=l*, #fe^«3t-r«LED^-y:^ 

ffl(D#iiii*:';;x/\-ii, iaesiasfitfiat?a«Micp 

S#'J "t^A ■ atm£fi±lC PSG a A I A s L, 

•€-®±IZNSGaA I As^^SSL. fSjtlUaX'feSP 

SG a A I A s n^&zfm&in^-ri 

^OMt-^X/N— tt, 9$4 00^ma>-tf77-f^Sfi± 

1= N sxo: P SMft * ') <?Mt-^^^m»^MO C V D 
fi£ga-e*tl-e*l5 /< 1 /I mJts*-e<^-r D^ja© 
p-N»ss»«Lfc2W>^ga>*a)-ci5«. «t 



te. PSM-(b*U'>Ai|iS«:l4, PMK-/<>h-^fc4 

[0 0 5 9] »&aiX»fea)LED^-y:^(4, ^9t&m 

PSiH»(***tM*N^iti^«:Sffl»Mlc K^-f xv^ 
>if-ric NMm«t LTT I - A I 

'J V-^L. P^mflii: LT A u 

ICJ:oT3 5 0iUm^|©:*#$|c«JBiLfc. 

[0 0 6 0] #feLED^«j/:^(i5B3taanuma 

£:L-C%jK4>ii>l=BS0. 1 SmmODR^iO^^^BIS 

fs^aaiffii-e&^PMGa A I A sAiR±iz^'&nmfs 

S63fe-r 4 L E D ^ -v :^At(t"i> t ^J: -5 J: 3 l=»«ffl^ffll^ 
THS^-B-fc. »feLED5'-y:^&i;WfeLED 
f^-:/:::^!*. HJfiWl i:(^«lcLTlt«*-t*fcA<#feL E 
D^r:;:^|cKLTI*fil««i: LTA g'^-y^ hSfflt^r 
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